Introduction
In recent years, studies indicate that about 10% of the world population will suffers lesions in the gastric mucous membranes or in the duodenum 1 . The more effective treatment of this type of lesion is based on mainly administration of drugs proton pump inhibitors, as omeprazole 2 /pantoprazole 3 or anti-histamine which ranitidine hydrochloride could be highlighted 4 . Ranitidine hydrochloride (RAN-HCl - Figure 1 ) plays in the organism action inhibiting the secretion of gastric acid, reducing both volume and content of acid and pepsin secretion 5 . This drug is largely commercialized around the world and consequently the development of feasible, fast and sensitive methods for pharmaceutical quality control is very important. ABSTRACT: This work aims the development and optimization of an alternative method for ranitidine hydrochloride (RAN-HCl) determination. The proposed method was based on conductometric titration of RAN by precipitation of AgCl solid using a solution of AgNO3 as titrant. It was investigated the possibility of performing the titrations on hydroalcoholic and deionized water medium. A limit of detection of 1.0 mmol L -1 and 0.5 mmol L -1 were achieved for RAN titration in deionized water and in a 75:25 hydroalcoholic mixture, respectively. Such behavior is attributed to the dielectric constant of hydroalcoholic medium, which is lower than aqueous solution, making AgCl more insoluble and improving the resolution of the conductivity curve around the end point. Therefore, it is concluded that the conductometric titration method to determine RAN using AgNO3 as titrant proved to be feasible at low drug concentrations. The statistical calculations for obtained results suggested good precision for the conductometric method. According to t-test, there were no significant differences between found values at a 95% confidence level. Moreover, obtained results showed an excellent performance of the proposed method on quality control of RAN-HCl in generic formulations without any sample pretreatment.
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Eclética Química Journal, vol. 43, n. There are several procedures reported in literature for ranitidine determination based on chromatographic 6, 7 , UV-Vis spectroscopy [8] [9] [10] and voltammetric methods [11] [12] [13] In order to overcome the drawbacks showed by other techniques, titrimetric procedures are an interesting alternative way for analysis of pharmaceutical formulations and/or biological samples, since this type of methodology is rather simple, with fast response and low-cost instrumentation. Moreover, detection of end point can be performed using an instrumental technique which is a practical approach to minimize analyst errors and leads more rapid, precise and accurate results 16 . Several "hydrochlorides" such as RAN-HCl can be found as active ingredients in commercialized pharmaceutical formulations. In general, hydrochlorides are more water-soluble and provide better absorption by human body 17 . Some methodologies have been described for determination of these compounds, based on indirect quantification of drug based on chloride ions released from salt dissolution [18] [19] [20] [21] . Caetano et al. 18 reported a low-cost conductometric method for determination of verapamil hydrochloride in pharmaceutical formulations based on chloride ions released from verapamil hydrochloride which were titrated with an aqueous solution of silver nitrate. Similar approach was adopted by Noronha et al. 19 who described potentiometric and conductometric titration of diltiazem hydrochloride (DTZ) determination based on the chemical reaction between chloride ions coming from diltiazem hydrochloride molecule and Ag(I) ions, yielding the precipitate AgCl solid. The limit of applicability of the conductometric method based on precipitation titration is defined by solubility of solid yielded AgCl (Kps ~1.8 x 10 -10 ). The solubility product constant can be affected by alteration in the dielectric constant of the solvent () allowing to use lower concentration level of reagents. A decrease in the Kps could be obtained simply using of hydroalcoholic medium which presents a minor value of dielectric constant when compared to aqueous solution. This effect plays an important role in the precipitation titration procedure allowing the use of lower quantity of reagents.
Based on above-cited information, the present work describes a practical and accurate methodology for RAN hydrochloride determination based on conductometric titration of chloride ions using by AgNO3 as titrant in hydroalcoholic medium.
Materials and methods

Instruments, reagents and chemicals
A system comprising by Conductometer Oakton ® COM 500 and a classic burette of 25.0 mL associated with a magnetic stirrer were used for all conductometric measurements. The solutions were prepared with deionized water obtained from Milli-Q system or ethanol (Carlo Erba, 99.9%). Other used reagents were silver nitrate and sodium chloride (Merck, > 99% content) and ranitidine hydrochloride (Aldrich, > 95% content).
Silver nitrate solutions were used in the titration of the same concentration of ranitidine solutions ranging from 0.10 to 1.0 x 10 -3 mol L -1 . The same were standardized using anhydrous sodium chloride as primary standard. For comparative method, a spectrophotometer Hewlett Packard, model 8452A equipped with 1.0 cm light path quartz cuvette. Acid-base titrations were performed using a 780 pHmeter Metrohm equipped with combined glass electrode associated a classic burette of 25.0 mL and magnetic stirrer.
Samples and standard solutions
Pharmaceutical samples in tablet form containing ranitidine hydrochloride (RAN-HCl) were purchased in local drugstore. For each sample, twenty tablets were crushed using mortar and pistil and 50.0 mL of a stock solution with theoretical concentration of 1.0 mmol L -1 was 
Conductometric titration
Aliquots of 10.0 mL or 5.0 mL (reference solutions or sample) were transferred to beakers and titrated with solutions of AgNO3 at the same concentration of the analyte (between 5.0 x 10 -4 to 0.1 mol L -1 ) with additions of 0.5 mL or 1.0 mL. Conductance values were recorded 10 seconds after the titrant addition. Before plotting titration graphs, conductance values were corrected according to volume of titrant added (Equation 1), all titrations were conducted in temperature controlled at 20 ºC.
( 1) where: Lcorr = corrected conductance, Lexp = experimental conductance, and Vini, Vadd the initial volume and added volume, respectively.
From graph of corrected conductance vs. volume of AgNO3 solution, the end point was obtained by the intersection of the straight-line segments, and thus determining the concentration of RAN-HCl.
Acid-Base titration (pH curves)
A standard solution of RAN-HCl, 0.10 mol L -1 was titrated with NaOH at the same concentration, previously standardized by sodium biphthalate. Based on the pH vs. NaOH volume curve was possible to estimate the pKa of RAN-HCl. The pKa value was estimated using the pH obtained at ½ volume of the end point.
Comparative method
Comparative method used is described on Brazilian Pharmacopeia 13 based on UV-Vis spectroscopy. A portion equivalent to one tablet was dissolved in water and after diluting to concentration around to 0.00125% (w/v). Standard solution was prepared at same concentration and the absorbance measurements of samples and standards solution were carry out at 314 nm using a quartz cuvette.
Results and discussion
Preliminary studies
Firstly, the potentiality of conductometric titration for proposed determination was investigated in order to show that indirect quantification of RAN-HCl can be realized based on precipitation reaction between Cl -and Ag + ions leading to formation of AgCl. An aliquot of 10.0 mL of 0.10 mol L -1 RAN-HCl standard solution was prepared in deionized water and it was titrated with a standardized solution of AgNO3 at the same concentration (Figure 2 The proposed procedure is based on determination of chloride ions released from RANHCl after its dissolution (RAN-HCl(s) + H2O  RAN(aq) + H3O + (aq) + Cl -(aq)). Potentiometric titration of RAN-HCl with NaOH standard solution was performed in order to verify adequate reactions that occur during the conductometric titration. In Figure 3A is possible to observe a curve with similar shape to obtained titration for systems composed by weak acid titrated with strong base (endpoint is observed at pH > 7.0). Additionally, from titration curve the pKa value for reaction RAN-H + + H2O  RAN + H3O + was estimated as 8.05 ± 0.10 (n = 3). Thus, based on these results we believe that reactions involved in the proposed procedure could be better attributed to: RANHCl(s)  RAN-H + (aq) + Cl -(aq) (dissolution step) and Ag + (aq) + Cl -(aq) AgCl(s) (titration step). UV-vis spectrophotometric measurements were performed at different pH values in order to confirm the protonation of ranitidine molecule. Figure 3B shows UV-vis spectra where an increase in the absorption intensity at 310 nm with the increase of pH values can be observed. This behavior is attributed to protonation of RAN molecule which is majority form at pH values at least 2.0 units lower than pKa. These studies confirm that the conductometric titration was performed with RAN molecules in the protonated form. 
Optimization of the titration method
Several investigations were realized in order to optimize the proposed methodology. For this, all solutions were prepared with deionized water to obtain a lower background signal. Firstly, the effect of solution concentration (titrant and titrated) has been evaluated by performing of three successive titrations using concentrations in range between 0.50 and 10.0 mmol L -1 . Table 1 presents results of recovery studies. indicating a well-defined shape of titration curve. When concentrations of 1.0 mmol L -1 were used, a significant decrease in recoveries values were found suggesting a poor profile of the conductometric titration curve. Concentration lower than 1.0 mmol L -1 did not provide a variation in the conductance of solution which did not allow found an end point from titration curve. Thus, the best set of results using aqueous solutions were found only for concentrations higher than 1.0 mmol L -1 .
In order to achieve detections below the limit imposed by use of aqueous solution, we decided to try to alter the solubility of solid formed (AgCl) during titration process by using of another solvent mixed on aqueous solutions. The adopted strategy was based on variation of dielectric constant (ε) of solution. The dielectric constant of a solvent could be related with its polarity and ability for solvation of ions. When a dielectric constant of solvent is higher it means that this solvent is more polar, and it is more efficient to solvate the ions. As consequence of this, an increase in solubility of ionic solid could be observed for solvent with high By using of hydroalcoholic solutions, recoveries values close to 100% were obtained for all titrations, indicating that presence of ethanol as solvent results in an improvement in the determination. Amounts of ethanol higher than 50% did not yield significant differences between the segments of titration curve which can be related with decrease in the solubility of reagents. For larger amounts of alcohol (25:75 water:ethanol) there was a decrease in sensitivity caused by a poor solubility of AgNO3. Using a composition of 75:25 water:ethanol, it was possible to determine the concentration of RAN-HCl employing concentration of 0.5 mmol L -1 for reagent which was not achieved performing the titration in water. Such behavior was attributed to the lower dielectric constant inherent to the solution which resulted in a lower background signal enabling the identification of titration equivalence point with good reliability.
Determination of RAN-HCl in pharmaceutical samples
After the optimization of experimental conditions, the proposed method was applied for determination of RAN-HCl in triplicate for three different samples of pharmaceutical formulations (Table 2) . Results obtained using the conductometric titration were compared with those provided using the spectrophotometric method recommended by the Brazilian Pharmacopoeia and the values given on the pharmaceutical formulations labels. Statistical test suggested good accuracy for the conductometric method in comparison with official methodology, indicating that the excipients used to manufacture the tablets of ranitidine formulations did not exhibit interference in the determination of the drug [18] [19] [20] . According to the t-test, there were no significant differences between the values found at the 95% confidence level. Moreover, results obtained showed an excellent performance of proposed method to quality control of RAN-HCl in generic formulations without any sample pretreatment. 
Conclusions
This study demonstrated that conductometric titration is a very powerful methodology for determination of ranitidine hydrochloride, being a simple, fast and inexpensive alternative route to perform quality control of these species, especially in small laboratories. The use of hydroalcoholic solutions allowed a decrease in the detection limit of the technique. It was possible to perform quality control of RAN-HCl in the order of 0.5 mmol L -1 with significant reducing costs. Pharmaceutical samples without any pretreatment were analyzed using proposed titration and values with excellent agreement with an official method were found.
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